Abstract
INTRODUCTION
Since the industrial revolution, welding has become increasingly important in manufacturing industries. Welding is one of the primary methods for joining two pieces of metal together. According to a recent welding study published jointly by the American Welding Society (AWS) and the Edison Welding Institute (EWI), most manufacturers lack an understanding of how much they are spending, what they are spending it on, or why (Miller, 2004) . Because, cost of welding is dependent on many parameters such as welding time, welding length, jig and fixture used and type of joint. Therefore, Setting up a good system in the field of time and cost estimation is very important in welding (Chayoukhi, Bouaziz and Zghal, 2008) . The continual search for a better costing system ushered in the TDABC and has been used in most manufacturing organizations and found to be useful. TDABC requires only two parameters i.e. unit cost of supplying capacity and time (cost driver) required to perform an activity (Demeere, Stouthuysen and Roodhooft, 2009 ). Time required to perform an activity is estimated using time equations. But, formulating time equation is tedious work due to various parameters. Hence, it is difficult to formulate the time equation. Maynard operation sequence technique (MOST) is work measurement technique. It is a predetermined motion time system that is used primarily in industrial settings to get the standard time in which a worker should perform a task (Mishra, Agnihotri and Mahindru, 2014) . Therefore, it is employed to analyze each element of welding activity to determine associated standard time. The aim of this paper is to present a model to estimate the cost welding activity using TDABC. Initially, a theoretical background of TDABC and MOST is discussed. Then, model along with the case study is presented. A methodology to formulate time equations using MOST is described in the case study. Thereafter, the use of TDABC information in decision making is described. At the end concluding remarks are presented in the conclusion section.
THE ORETICAL BACKGROUND
This section built the theoretical background required for this research. This research requires the knowledge of TDABC and MOST. The concept of TDABC and MOST is explained in following paragraph.
Time Driven Activity Based Costing (TDABC)
TDABC method was presented as a revolutionary method in the field of determined costs (Meddaoui and Bouami, 2014; En-nhaili, Meddaoui and Bouami, 2015) . It is introduced by Kaplan and Anderson (2003) . A TDABC estimates cost quickly as it requires only two: (1) the unit cost of activity and (2) the time required to perform a transaction or an activity (Demeere, Stouthuysen and Roodhooft, 2009 ). The cost of activity consumed by product = unit cost of activity x time required to perform an activity. But, if required other cost drivers can be used (Kaplan and Anderson, 2003) . The breakthrough of TDABC lies in the usage of time equations to estimate the time spent on each activity . Through the inclusion of multiple time drivers, the TDABC approach can capture the complexities of organizations. Hence, TDABC seemingly provides many opportunities to design cost models in environments with complex activities. Many researchers conducted the case studies of TDABC implementation at different industries. These case studies are related to pig production, casting manufacturing, electronic product manufacturing, wooden toys manufacturing, bicycle manufacturing, auto part manufacturing and precision casting factory. All these companies are medium or large scale in nature. The detail of these case studies is presented in Table 1 .
Table 1 Case studies on TDABC

Author
Type of industry Remarks (Bryon et al., 2008) pig production · TDABC can be used for guiding management with the decision problem of switching to batch farrowing in pig production · TDABC is useful to quantify both the economic and ecological impacts of a strategic decision
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The researches have opined that TDABC provides more relevant information for capacity utilization, is used for quantifying economical and ecological impact, can capture the cost of different products in product mix, and is more easier than traditional costing mare particularly ABC. But, most of the problems are related with the time estimation and formulation of time equation. To, solve this difficulty MOST is used to frame time equation.
Maynard Operation Sequence Technique (MOST)
The MOST has advantages that only one or two observations are needed to measure the work and the rating factor is inbuilt (Thakre, Jolhe and Gawande, 2009 ). MOST was developed H. B. Maynard & Company Inc (Zandin, 1980; Luxhoj and Giacomelli, 1990 ) since then, Basic MOST has been applied in many manufacturing, service and distribution industries as a most widely used system. Basic MOST identifies three basic sequence models: general move, controlled move, and tool use (see Figure 1 ). The general move sequence is defined as the spatial free movement of an object through the air. The controlled move sequence describe the movement of an object when it either remains in contact with a surface or remains attached to another object during the movement. It covers manual operations such as cranking, pulling a starting lever, turning a steering wheel, and engaging a starting switch. The tool-use sequence covers the use of common hand tools. Cutting, gauging, fastening, and writing with tools are all covered by this sequence · TDABC covers both product and process levels for decision making . · TDABC is not adapted to Generally Accepted Accounting Principles (GAAP) and companies that are using these systems should have another system generating reports for external uses (Pongwasit and Chompu-Inwai, 2016) manufactures wooden toys · TDABC is more accurate and determine th e appropriate prices of the products. · They found that TDABC identifies the production cost was consistent with the actual use of resources at the study company (Siguenza Guzman et al., 2013)
.
· Difficult to measure the time, the homogeneity and its maintenance (Chiarini, 2014) · Difficult to implement because of time equations (Kowsari, 2013) · If time is measured by inexperienced person, and if wrong time is considered for an activity then cost price allocated to activities will be unreliable September 2017
TDABC IN AN WELDING ACTIVITY 3.1. Problem Statement
Welding is one of the most complicated activity for cost estimation. Because, many parameters like welding time, welding length, jig and fixture used, type of joint etc are responsible the cost of the welding. Also the formulation of time equation is difficult due to all these parameters.
Developing TDABC Model
In this part of the paper, TDABC model is developed for the welding activity. Like every model this model has the following assumptions.
· Once an operation is started, it cannot be interrupted · There is no shortage of materials, machine breakdown and absence of operators in the SSI · There is standard work procedure for each operation Based on these assumptions a three step model is developed as shown in Figure 2 . First, the different elements in welding activity are identified and time equations are constructed using MOST analysis. Second, the related welding activity cost is identified and the cost per time unit of welding is calculated. Third, using the time and welding length as cost driver unit cost is determined. Then the cost of welding for 4 different products is calculated.
Figure 2 TDABC model for the welding activity 4. CASE STUDY
The company under study is located in central India, and is a small scale manufacturer of hospital, office and home furniture. At the time of study company had 25 employees and more than 200 products. Due to improper distribution of overheads company was facing difficulties in determining cost. This led to the decision to develop a TDABC model which would be of help not only for product costing but also for better management of the business. The methodology followed to implement the TDABC system comprised of three steps which are described in detail in this section.
Formulate Time Equation
In this step, sub activities involved in the welding activity are analyzed to formulate the time equation. Initially the list of sub activities involved in welding activity is prepared. Then, for each sub activity the various parameters affecting welding time are identified. The sub activities involved in welding along parameters affecting welding time are shown in Table 2 . Then, for each sub activity the time equation is framed using following mathematical expression given by (Everaert and Bruggeman, 2007) .
Where: T-The time needed to perform an operation, -Standard time for performing the basic operation, -The estimated time for the incremental activity in an operation i, (i=1,2,….,n)
-The quantity of incremental activity in an operation i, (i= 1,2,….,n)
The value of β , β ,…β is obtained using the MOST analysis. For 0 1 n MOST analysis sub activity is divided into elements. Then these elements are grouped in fixed and variable type. The fixed type includes all the elements that are essential doing the sub activity. Variable type includes all the elements whose time can vary with respect to parameter affecting it. The time required for each element is estimated using MOST. In MOST, each element is arranged in a sequence model. The sequence models are given in Figure 1 . The sample calculation for welding process is shown in 
Identification of Cost per Minute
In this stage, cost per minute spent on the welding activity is calculated. Initially resources consumed by welding activity are determined. The resources consumed by welding activity is comprised of the consumables like CO2 and Mig wire and overheads like building maintenance, depreciation of assets, electricity, etc. The cost of the resource is taken for the trial balance. The practical capacity of the resource is measured in terms of the cost driver. The practical capacity is taken at 80% or 85% of the theoretical capacity. This is a generally agreed upon Similarly the cost driver for resource "building maintenance" is building floor area and practical capacity is 13691.69 sq.feet. The capacity rate of resource (i.e. unit cost of resource) is obtained by dividing cost of resource by the practical capacity of resource. Therefore the capacity rate of "wages for skilled employee" is 1.5 Rs/min. Similarly, the capacity rate of other resources is obtained. The cost of these resources is assigned on the activity based on their consumption. For example, company has 4 dedicated employees for welding activity. Two are in skilled category. One is in sami-skilled and remaining one in unskilled category. Then the practical capacity of resource "wages for skilled employee" consumed by the welding activity is 1664×2=3328 hours (199680 min). Therefore, the cost resource "wages for skilled employee" consumed by an welding activity is Rs. 149760. In TDABC time is used as cost driver for distribution of activity cost on product. In this study, both welding length and time are used as cost drivers. Because, the consumption of resources like mig wire and Co2 consumption is dependent on welding length and not on welding time. Whereas, other cost drivers are dependent on time. Therefore the cost of welding activity is separately determined for both the cost driver. The total cost of welding activity is the sum of cost of all the resource consumed by welding activity. So, the cost of welding for time as cost driver is Rs. 3059.909/-and for welding length is Rs. 14593.67/-. The capacity rate of the welding activity is obtained by dividing cost of welding activity by the practical capacity of welding activity. Hence, the capacity rate of welding activity is 0.01709 Rs/min and 0.003055 Rs/inch (refer Table 4 .) 
Calculating the Cost of Welding Activity
In this stage, the cost of welding activity for different products is calculated. Cost of activity for a product is a multiplication of capacity rate of activity (unit cost of activity) and the practical capacity of welding activity consumed by the product. The practical capacity of an activity is estimated using time equations. Sample calculation for three products is shown in Table 5 . 
RESULT AND DISCUSSION
Implementation of TDABC provides accurate and important information to the manger which helps them in process improvement and optimization of activity. This model is developed from TDABC and MOST technique. Hence it has the advantage of both the techniques. The benefits of this model are discussed in the following paragraphs.
Benefits of MOST
The proposed system requires the MOST analysis. It is observed that, for most of the sub activities involved in the welding activity, the time required to perform the operation according to MOST analysis is much less than the actual time. Figure 3 indicates the time required for welding activity for different products. It is observed that, the time estimated by MOST is less than the actual time. This difference indicates the scope for the improvement in production time for welding activity. 
Benefits of TDABC
The TDABC approach, with its time equations, offers some specific advantages, as these equations create more cost transparency than a conventional cost-accounting system or ABC system. As the time equations clearly show which operation demand more time in welding activity which lead to higher costs. Figure 5 shows the pareto analysis of cost of sub activities consumed by different sub activities in welding by product 1. It indicates that, putting components in jig for welding is responsible for higher cost of welding activity. TDABC provides the hierarchical decomposition of cost for each activity and its sub activity. Figure 6 indicates the resources for the higher cost of sub activity "putting components in jig". This pareto chart indicates that, wages of the employee are responsible for higher cost of sub activity. As, these resources are using time as cost driver. Therefore, reducing the time of these sub activities can reduce the time and the cost of welding activity. Further, pareto chart confirms the assumptions made in TDABC that, time is the major cost driver for all the activities. Because, contribution of cost due to other cost driver i.e. welding length is very small as compared to time. This is due to very small contribution of other resources in the welding activity of SSI. . CONCLUSION A cost analysis of welding processes was conducted at SSI. A cost model is developed for the analysis. In this model, the detailed time equation is formulated to estimate the time of welding activity. This model also provides the detailed costing information about the welding activity. This information is useful for improving the productivity of the system. It is also observed that, the time required from the MOST analysis is less than the actual time required. Therefore, this analysis identifies the area for improvements. Hence, it has the advantage of both the systems i.e. TDABC and MOST Application of TDABC using MOST in a welding activity has lead to enrichment of literature as:
· It has given a new time equation to estimate the time of welding activity.
· It has given a pathway to formulate time equation using MOST.
· Overcomes the difficulties of time equation in implementing TDABC.
· Data analysis of TDABC and MOST can be used for productivity improvement. As a future scope, the effect of various uncertainties in this model like machine breakdown, shortage of materials, and absence of operators can be studied.
